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? 1?
????
1.1 ?????
??????????????? [1]. ???????????????,???????????????
?????, ????????????. ????, ???????????????, ??????????
???. ???????????????????,??????????,???????????????
?. ?????, ???????????, ????????????, ?????????????????
??.
??????????????????,????????????. ????????????,????
?????????????????,????????????. ?????????????????,?
??????????,???????????,???????????.
?????,?????????????????????,????????????????????.
?????????????????????????????????????????????????
??. ???????, ??????????????, ??????????????, ?????????
?????????.
???????????,?????????????,??????????????,????????
?????????. ??????????????, ????????????????????????
??,????????????.
????????,???????????,????????????,???????????????
????????????. ???,?????????????????,???????????????
?????????????????.
????????????,??????????*1????. ?????????????????,??
???????????,?????????????????,????????????????. ???
???,????????????????,????????????. ????????????????
??,???????????????????,??????????????.
???????????????????,????????????????????????????
*1 ????????????????????????,??????????????????. ????,??????????
????????????????????. ?????????????????????????,????????????
??????????,????????,???????????????????????????????. ??????,?
???????????????????,???????????????,?????????????????????.
1
????,?????????????????????. ???????,???????????????,
???????????????.
???????????????? ? ????????, ?????????????? (lax) ? ??
(tense)???????????????????? [1]. ????????????????,???????
?????????????. ??????,???????????????????????.
???????????????????, ???????????????????. ????????
???,?????????????,???????????????????.
1.2 ??????
????,???????????????. ? 2??????????????????,???????
??????,?????????. ????,????????????????????????????
?????,????????????.
? 3?????????????????????????????. ????????????, ???
?????????.
? 4????????????????. ??????????????????????, ??????
??????????????????.
? 5???? 4????????????????????????. ???,????????????
?????????????.
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? 2?
????
2.1 ??????
???????????????,????,??????????????????????. ?????
??????, ??????????????, ??????????*1????????????????.
?????????????????? Sundberg?,?????????[2]????,??????????
??.
?????????????????????, ??, ??, ??????????????????,
??????,?????. ?Sundberg, 2007, p.1?????
?????,????????? 2?????????????????????.
????????????, ????????????????????????. ??????????
???,????????????????????????????????,?????????????
?????????.
2.2 ??????????
???????????????????????????,????*2???????????????.
??????????????????, ???????????????????. ??????????
??????????????.
2.2.1 ????????
?????????????,???????????????????????. ????,??????
??????????????,?????????????,????????????????.
??????????????????,????????? [3]. ??????????????????
???????. ?????????????????*3 ????? /??,?????????????.
?????????, ????????????????????????????. ?????????
*1 ????????????,??????????????. ????????????????.
*2 ???????????????????????????. ????????????????????????.
*3 ??????????????????????????.
3
??,????????????. ????,?????? 0????????. ???????????,??
??????,????????????. ????????????,???????????,???,??
???????????. ?????????????????,?????? 0????????.
?????????????????????? 2.1???.
?
?
?
?
?
??
?
?
?
??
??
?
??
??? ???
?
?
?
?
????
? 2.1: ?????????????Sundberg, 2007, p.78???????.
2.2.2 ????????????????
??,????????????????*4?????,???????????????.
Sundberg? Gauffin?,????????????????????????? [4]. ???????,??
?????????????????,???????????????????????????.
?? Fant?,?????????????,????????????????,????????????
???? [5]. ???????,??????????????,?????????????*5???????
?????????. ?????????,????????????????,?????????????
??. ???,??????????????????????????.
2.2.3 ??????????????
Gauffin? Sundberg?,????????????????????????? [6]. ????,?????
?*6??????*7???????????,?????????????????,???????????
????????????, ????????????????????????. ???????????
??????,????????????.
????????????????? 2.1?????. ??????????,?????????????
? [2]. ????????,?????????????,????????????????,???????
?????????????,??????????????.
*4 ???????????????????????.
*5 ?????????????? 1???????????????. ? 2.1???????????.
*6 ??????????????.
*7 ??????????????????????????.
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? 2.1: ????????
????? ????
???? ?? ??
??? ?? ??
?????? ?? ??
????????????? ??? ???
???????????????? ??? ???
2.3 ??????????
????????????????????, ???????????, ????????, ??????
??????????. ????, ????????????????????? Electroglottography???,
EGG???????????. ??? EGG??????????????.
2.3.1 EGG
EGG?????????????????????????. ?????????, ???, ??????
??????????????????????? [7].
??????????????,?????????????????,????????????????
?????,???????????. EGG????????,??? 2????????????????
???,???????????,??????????????????.
EGG?????????? 2?????????,??????????????,??????????
?????????????. ???,???????????????,????????????????
???????. ???,?????,?????????,?????????????. ?????????
???????????,??????????????.
EGG ?????????, ?????? GCI*8?Glottal Closure Instance??, GOI*9?Glottal Opening
Instance?????????????. ???????????????,?????? 2?????????
??.
2.3.2 fo ? Oq
EGG??????????????????? fo*10?, Open quotient???, Oq*11????. fo ????
?? 1????? T ?????????????????????. ????? T ? GCI???? GCI??
????? GOI???? GOI????????????. ?????? fo ?,?????????. Oq ??
??????????,???????????,????????????????.
??????????? To,??????????? Tc ??????,???? 1????? T ?? (2.1)
*8 GCI: Glottal Closure Instance. ??????????.
*9 GOI: Glottal Opening Instance. ??????????.
*10 fo??????. ???? 1????????????????. ?????????.
*11 Oq????????. ???? 1???????????????????. ??????????.
5
?????????.
T = Tc + To (2.1)
????,???????????????? fo ?? (2.2)??????.
fo =
1
T
(2.2)
??, Oq ?? (2.3)?????????.
Oq =
To
T
(2.3)
?
?
?
?
?
?
?
??
?
?
?
?
?
?
?
?
??? ??????
ToTc
? 2.2: EGG??????.
????????? EGG???????? 2.2???. ??????????????????????
??????.
2.3.3 Oq ??????
Yokonishi?? 4????????????????,????,????,???????? Oq ?????
?????? [8]. ????, ?????, ????, ????, ????????? Oq ??????????
????.
??????????,?????????????????????,???????????????
????,???,????,????,??????????????????. ??????????, Oq ?
?????,???????????????????.
?? Yokonishi???????????, Oq ?????????????????????????? [8].
????, Oq ????????????????,?????????????????. Henrich?????
?????????????????????, Yokonishi???????????????,???????
????? [9].
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2.4 ?????????
????,????????????????????????????????. ????,??????
??????????????.
2.4.1 ??????
?????????????????????????. ?????????????????????
?????????. ?????????,????????????,? 1???????F1?,? 2???
????F2?,? 3???????F3?,? 4???????F4??????????.
???????????????????????????????, ????????. ???????
???????????,????????????????. ??????? F1? F2?????????
???? [10].
2.4.2 singer’s formant
Sundberg???????????????????*12????? [11]. ??????/u:/????????
??,???????? 2???????. ?????????????????? 2.3???. ??????
?????????? 3 kHz???????????.
? 2.3: singer’s formant?????Sundberg, 1974?????.
?? 3 kHz???????, ????????????????????????, ??????????
???????,????????? singer’s formant??? [2]. singer’s formant????????????
?????????????????. ??, singer’s formant??????????????????.
2.4.3 ???????????
Ternstro¨m? Sundberg???????????????? 8??????????????? [12]. ???
??????????,???????? 2??????,????????????. ?????,????
?? F1? F2????,??????????????????. F1? F2??????????,?????
??????????????. ???, ??????????, ????????, ???????????
*12 ??????????????????.
7
?????????.
2.5 ????????????
Godwin??????? 30?????,??????????,???????????????,????
????????????????? [13]. ?????????????????????????????
???, ??????????????. ???????, ?????????????, ?????????
???,???,???????????????????.
Rossing????????????????????????????, ???????????????
??????? [14]. ??????????????????????, ????????????????
?????????????????. ???????????????????.
?????????????????? 2.4???. ????,???????????????,????
?????????,?????????????????????.
? 2.4: ??????????????????Rossing, 1985?????.
2.6 ????????
????????????????????,?????????????. ?????,????????
??.
???? [14]????,??????????????????. ???,???????????????
???. ????????????, ???????????, ??????????????????, ??
????????????????. ????????????????????????????, ???
8
?????????,????????????????????????.
??????????????,???????????????,??????????????????
????, ????????????????????????. ?????, ????????????, ?
????????????????????????.
???????????????????????, ?????????????. ??????????
???????,??????????????????. ?????????????????????. ?
???,????????????????,???????????. ?????????????????
?????.
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? 3?
????
3.1 ??????
????????,????????????????,????? EGG????????????. ??
????????? 2?????????, ???????????, ?????????????????
???.
3.2 ?????
?????,???,????????????*1???????. ??????????????????
???????,??????????????????. ??????????????,?????? 3?
???????????,??????????????????.
??????,???????????????, 8????????????????. ??????,??
??????????????,????,???????????????. ??,????????? 32.4
??24??? 51????????.
3.3 ?????
???????????????. ???????, ????????????? ECM8000?, EGG??
?? EG2-PCX2????. ???????????????? 50cm??,???????????????.
????? EGG ???????????????? 44100 Hz, ?????? 16 bit ???????. ??
??????????????? Audacity????.
??????? 1 kHz???????????????,??? (LA-1440)??????????????
???,??????????????.
*1 ????????????????. ???????,??????????,??,????,????????????.
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3.4 ????
3.4.1 ????
????????????????? 5?????,???? 5???????????????. ???
??????????? EGG??????????.
????????????????,?????????? 2???????. ?????????,???
??????????????????,????????????????.
3.4.2 ???
?????????????????????????, ??????????????????. ???
?????????????????,??????????????????,?????????????
??,?????????????,???????????????.
? 3.1: ??????????.
?? ??? ??? ??? ?? ?? ?????
Libera me Faure´ 1888 ??? ?? Lib ??
Caro mio ben T. Giordani 1783 ??? ?? Car 5? 13
?????? ???? 1993 ??? ?? YuO 1? 9
?????? ???? 1993 ?? ?? YuC 1? 9
Ave verum corpus Mozart 1791 ?? ?? Ave ??
??????????? 3.1 ?????. ????????????, Faure´ ????????? “Libera
me” (??, Lib),????????? T. Giordani?? “Caro mio ben” (??, Car)? 2?????. ?????
???????,??????Mozart?? “Ave verum corpus” (??, Ave)? Bass???????.
????????????????,?????????????????. ??????????????
??????????,????????????????????????. ????,?????????
?????????,?????????????????????????. ??????????????
???????? YuO,????????????? YuC????,???????????.
Lib, Ave???????,?????????????????. Car? 5?? – 13????, YuO, YoC?
?????????? 1?? – 9?????????.
Lib, Car, Ave?????????????????, ??????????????????????. ?
?????,??????????????,???????????????. YuO? YuC???????
?,???????????????.
3.5 ?????
?????? EGG?????????, ???, ?????????. ???????? EGG?????
?????,????????????????????.
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???,???? 5???????????? 1?????,???? 5?,???????. ??????
???????????,???????????????,????????????????????. ?
????????????. ?????????????????,???????????. ???????,
??????????????????.
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? 4?
?????
4.1 ??????
?????,????????? EGG???? 3?????????,??????.??????? SPL*1
(Sound Pressure Level)????, EGG????? 2.3.2???????, Oq ? fo ?????.
SPL??????????,????????????????.??????? p,??? p0 ??????
??????? 20 µPa?????,? (4.1)??????.
SPL = 20 ? log10
p
p0
dB (4.1)
Oq ? fo ?????????, GOI? GCI?????????.???????????? Kawahara??
?????? [15].????????????, GOI? GCI?????????????????, ????
???????.
??? 3??????,??????????? 1?????????.????? EGG????????
????????, ??? 3??????, ??????????????????.?????, ?????
?????,???,?????????????.?????? 4.4?????????.
4.2 Oq ?????
4.2.1 ??????
?????????????????,??????????????????.?????,??????
?? Oq ???????????. Oq ???????,????????????????????????
????????.Oq ???????????????, 1????????????? [8].
???????????? Oq ????????,???????,????????????.?????
???????,???????????????????,???????????? Oq ?,??????
??????????.
*1 SPL: Sound Pressure Level. ????????????????.??????????.
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4.2.2 ?????????
???? 5????????????, 5?? Oq ????????.?????,?? 5????????
?,???????????. ?????, 40? (??? 8? ? 5??)?????????.
??? Oq ????????,????? 1????????????.????????????.???
????, p = 0.0000102????????????????.?????,???????????????
????????????????????.
??,???????????????????,??????????.????????????? t?
?????, p?? BH? [16]???????.???? p??? 4.1???.
? 4.1: Oq ?????????.
Ave Car Lib YuC
Car 0.0086 - - -
Lib 0.0021 0.0300 - -
YuC 0.9533 0.0782 0.0086 -
YuO 0.0086 0.9533 0.0021 0.0508
? 4.1 ?????????????????. ? 4.1 ?, ????? Oq ???????????????.
???, ????????????, ????????????????, Oq ?????????.???, ?
??????????,????????,?????????????????.
Libera me Caro mio ben Ave verum corpus
0.4
0.5
0.6
0.7
??? ??
Oq
??
??
??
?
??
†
†
? 4.1: ????? Oq ?????????. ?? p < 0.1 ???????.*? p < 0.05, **?
p < 0.01??????.
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4.2.3 ??? ? ?? ??? Oq
Oq ????????????????. ? 4.2 ?, Oq ? 40 ??????, ?????????, ????
???. ??????? Oq ???????????No.01 ? No.07??, ???????????No.02 ?
No.03????.
1 2 3 4 5 6 7 8
0.2
0.3
0.4
0.5
0.6
0.7
0.8
Lib Car YuO YuC Ave
Oq
? 4.2: ??? ??????? Oq ????.
4.2.4 ??
?????,????? Oq ???????????????.?????,????????????,??
??????????????????????????.
???,??????????????,????????????,???? Oq ?????????.??
?, ???????????????????????????.???, ??????????, ?????
?????????????.
????????????????????????????,????????,???????????
????????????. ????,?????????????????,????????????,??
?????????????????. ???????????????????????????????
?? p = 0.0508???,??????????,????????????. ????????,??????
??????????, 4.4???,??????????????,????????????.
????????? Oq ??????????,????????. ???,??????, Oq ??????
???????????,????. ???????? Oq ??????????. ????????????
???, Oq ??????????????????, 4.4??????.
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4.3 SPR?????
4.3.1 ??????
???? SPR (Singing Power Ratio)????,???? singer’s formant????????. Rossing???
?,??????????????????????????? [14]. ??,??????? singer’s formant?
3 kHz???????????????? [11].????????????,???????????, singer’s
formant????????????,???????????.
4.3.2 SPR???
SPR? Omori???????????????ringing?????????? [17]. SPR?????, ??,
????????????????.?????????????? 0 Hz? 2 kHz?????, 2 kHz – 4 kHz
??????? SPR???.?????????????????????????,????,??????
??????????. SPR ??????, singer’s formant ?????????????????????.
Omori???????????????? 4.3???.
? 4.3: SPR???? (Omori, 1996????).
??????? 1????,???????????????,?????????????, SPR????
?. ?????????? 200 (??? 8? ? 5?? ????? 5?)????.
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4.3.3 ?????????
4.2?? Oq ???????????????, 5???????????????,??????????
??,?????????.?????, 40? (??? 8? ? 5??)?????????.
???????????,????? 1?????????????.????????????.????
p = 0.000826????????????????.???, ?????????, singer’s formant?????
??????????????.
??,??????????????????,??????????.????????????? t??
????, p?? BH? [16]???????.???? p??? 4.2???.
? 4.2: SPR?????????.
Ave Car Lib YuC
Car 0.031 - - -
Lib 0.027 0.868 - -
YuC 0.303 0.082 0.027 -
YuO 0.082 0.894 0.868 0.054
Libera me Caro mio ben Ave verum corpus
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? 4.4: ????? SPR?????????.?? p < 0.1???????.*? p < 0.05???
???.
? 4.4?,????????????????.???????????????????,???????.
??????,???????????, singer’s formant????????????????????.
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4.3.4 ??? ? ?? ??? SPR
? 4.5?,??? ? ??????????? . SPR? Oq ???,???????. No.01?,??????
? SPR??????????. No.02? No.05? “Ave verum corpus”? SPR??????????????
?????.
1 2 3 4 5 6 7 8
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? 4.5: ??? ?????? SPR???.
4.3.5 ??
?????, ????? SPR ???????????. ??????????????????, ???
singer’s formant ??????????, ?????? singer’ formant ?????????????????
??.
??????????,????????????,?????????????????????, SPR?
?????????????.???,??????????????, singer’s formant??????????
?????????.
???????????,?????????????????????????, singer’s formant???
???????????????????.
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4.4 ???????????
4.4.1 ??????
??????????,??????????,??????? singer’s formant????????????
??????. ???????????????????, ?? singer’s formant??????????.??
?,??????????,??????????????????.
???????,????????????????.????????????,???????????
??????????,???????????????????????.
????,??????????????????,?????????????????????????
?????. ??????, Oq ???????????????, Oq-valued VRP????????????
??.??????????????????,?????????????.
4.4.2 Oq-valued VRP???
???????,???????Oq???????fo????????SPL???????????.???
??, Oq ? SPL????????????????? [8].??????,?????????,??????
??????????????????.
????????????????,???????????????,????????????????
???.????????,???????????,??????????????????.
????????????, ????? Oq-valued VRP?Voice Range Profile????????????.
Oq-valued VRP???, OqVRP?? VRP?????????????. ????, OqVRP????????,
?? VRP??????????.
VRP???? fo,??? SPL???,???????????????????????????????
[18]. ?????????????????? fo ? SPL?????. ??????????????? VRP
???????????,??????????? SPL? fo ?????????????????. VRP?
??? 4.6???.
? 4.6: VRP???Titze, 1992?????.
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VRP??????????????????,???????????, Pabon?????????? [19].
?????, VRP? Oq ??????? OqVRP?????. OqVRP? VRP????,??? fo,??? SPL
???.
??? fo ??????????????????, MIDI Note Number?????. MIDI Note Number?
69? 440 Hz???,???? 12?????? 1????????? 1???, 1????????? 1??
????. MIDI Note Number? fo ????,? (4.2)?????.
MIDI Note Number = 69 + 12 ? log2
fo
440
(4.2)
OqVRP?,???????????????. ??, VRP??? fo ? 1 MIDI Note Number???, SPL?
? dB??????. ????????????????????, ??????????. 4.1??????
??, fo, SPL, Oq ??????????????, ???? 1 ????? 3 ????????. ???? fo,
SPL???????????????.???,?????? 0?????????????????.???,
??????????? Oq ?????,???????,??????????????.
???????,????? Oq ????????????,???????? Oq ???????????
???????. ???? OqVRP???? 4.7???.?????,??? fo ? SPL?????,?????
Oq ????????????????.
40 45 50 55 60 65 70
fo MIDI Note Number
60
65
70
75
80
85
90
95
100
105
110
SP
L 
dB
0.34
0.36
0.38
0.4
0.42
0.44
0.46
0.48
0.5
0.52
O
q
? 4.7: Oq-valued VRP??.
4.4.3 ???????????
??,??????,????????????????????????????????,??????
?????????? (??,??????)?????.
??????????????,??,?????????????. ?????,???? y ? Oq ,???
? x1 ? fo MIDI Note Number, x2 ? SPL dB????,? (4.3)?????.???????,???? 1??
??????????????, ???????????????????. ?????, ?? α, β ??? γ
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?????.
y = αx1 + βx2 + γ (4.3)
? 4.8: ??????.??????????????.
???????????? 4.8???. ??????????,????????????????????
?????,????????????,?α, β??????.
? 4.8???????????????????????? 4.9??????.
? 4.9: ??????????.?????????????????
???,???,?????????.
???????,??????????????????????????,??????????. ???
?? x??????????????????,????,????????????, y?????????
?????????,????,?????????????????????. ?????????????
???????,??????????????. ???? 3??????????????,???????
???????????????,? 4.10???.
????, OqVRP ???????? 2 ????????????. ????, OqVRP ????, ????
A, B, C? 3???????,????,????????????,????????.??,???????
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?????????? ????????? ?????????
????
?
?
?
?
?
???? ????
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
? 4.10: ??????????????????????.????
???????????????????????.
OqVRP????????,??? 5????????????????????????????.
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4.4.4 ??? A?????????????????
??????????? OqVRP????????????????,??? A?????.??? A??
No.02, No.03, No.05?????.????????, OqVRP???????,????? Oq ?,??????
? 0.05 – 0.15?????????,???????????????????????????.??,???
?? A???????? OqVRP???????????????.
40 50 60 70
fo MIDI Note Number
55
60
65
70
75
80
85
90
95
100
105
SP
L 
dB
40 50 60 70
fo MIDI Note Number
0.5
0.55
0.6
0.65
0.7
O
q
? 4.11: ??? No.02? Oq-valued VRP.
-0.01 -0.005 0 0.005 0.01
fo MIDI Note Number
-0.01
-0.005
0
0.005
0.01
SP
L 
dB
? 4.12: ??? No.02?????????.
No.02? OqVRP?? 4.11???.??????MIDI Note Number? 60 – 65????????????
??,??????????????????????.??,?????????????????????
??,??????????????????????.
??,????? No.02????????? 4.12???. 2?????????????????????,
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OqVRP?????????????????????,?????????. ??,???????????
?, ??????????????????, ???, ????????????????????. ????
????,???????????????????, No.02??????????,???????????
????????????????. ???????????, ????????????????????
????. ???, ??????, ???????????????, ??????????????????
?????.
No.03? OqVRP?? 4.13???.???????, MIDI Note Number? 55???????,?????
????????.?????????????,????????,???????????????.No.03
????????? 4.14??,????????????????????,???????????????
????????????.??,??????????????????????.???, No.03?????
????,???????????????????????.
40 50 60 70
fo MIDI Note Number
55
60
65
70
75
80
85
90
95
100
105
SP
L 
dB
40 50 60 70
fo MIDI Note Number
0.45
0.5
0.55
0.6
0.65
O
q
? 4.13: ??? No.03? Oq-valued VRP.
-0.015 -0.01 -0.005 0 0.005 0.01 0.015
fo MIDI Note Number
-0.015
-0.01
-0.005
0
0.005
0.01
0.015
SP
L 
dB
? 4.14: ??? No.03?????????.
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No.05? OqVRP?? 4.15???.??????,??????????,?????????,?????
??????????. No.05????????? 4.16???, ????????????????????
?,???? OqVRP???????????????????????????????. ????????
???????????,????????,??????????????????.
40 50 60 70
fo MIDI Note Number
45
50
55
60
65
70
75
80
85
90
95
SP
L 
dB
40 50 60 70
fo MIDI Note Number
0.5
0.55
0.6
0.65
0.7
O
q
? 4.15: ??? No.05? Oq-valued VRP.
-8 -6 -4 -2 0 2 4 6 8
fo MIDI Note Number 10-3
-8
-6
-4
-2
0
2
4
6
8
SP
L 
dB
10-3
? 4.16: ??? No.05?????????.
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4.4.5 ??? B?????????????????
?????????????????, OqVRP?????????????????????,?????
??????????? B?????.??? B?? No.01, No.04, No.06, No.08?????.??,????
? B???????? OqVRP???????????????.
No.01? OqVRP?? 4.17???.????????????????????????,????????
????,???????????????????. No.01????????? 4.18???,???????
????????????????????, No.02?? 4.12???????????.???, No.01?,??
????,????????????????????.
40 50 60 70
fo MIDI Note Number
60
65
70
75
80
85
90
95
100
105
110
SP
L 
dB
40 50 60 70
fo MIDI Note Number
0.3
0.35
0.4
0.45
0.5
O
q
? 4.17: ??? No.01? Oq-valued VRP.
-5 -4 -3 -2 -1 0 1 2 3 4 5
fo MIDI Note Number 10-3
-5
-4
-3
-2
-1
0
1
2
3
4
5
SP
L 
dB
10-3
? 4.18: ??? No.01?????????.
No.04? OqVRP?? 4.19???. 2?? OqVRP??????, ??????????????????
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?, OqVRP??????,????????.??,?????????,?????????????.
No.04????????? 4.20???,?????????????,?????????????????
???,????????????????????????????????????. No.04??????
??,??????,?????????????????????.
40 50 60 70
fo MIDI Note Number
55
60
65
70
75
80
85
90
95
100
105
SP
L 
dB
40 50 60 70
fo MIDI Note Number
0.45
0.5
0.55
0.6
O
q
? 4.19: ??? No.04? Oq-valued VRP.
-0.01 -0.005 0 0.005 0.01
fo MIDI Note Number
-0.01
-0.008
-0.006
-0.004
-0.002
0
0.002
0.004
0.006
0.008
0.01
SP
L 
dB
? 4.20: ??? No.04?????????.
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No.06? OqVRP?? 4.21???. No.01?? 4.17?????,?????????,??????????
????????,????????????. No.06????????? 4.22???,??????????
??, ??????????????, ????????????????. ??????, ????????
????????,??????????????????????????????.
40 50 60 70
fo MIDI Note Number
55
60
65
70
75
80
85
90
95
100
105
SP
L 
dB
40 50 60 70
fo MIDI Note Number
0.5
0.55
0.6
0.65
0.7
O
q
? 4.21: ??? No.06? Oq-valued VRP.
-8 -6 -4 -2 0 2 4 6 8
fo MIDI Note Number 10-3
-8
-6
-4
-2
0
2
4
6
8
SP
L 
dB
10-3
? 4.22: ??? No.06?????????.
No.08? OqVRP?? 4.23???. No.08??????????,??????????????????
?????. No.08???????? 4.24?????,?????????????,???????????
???????,??????????????????????????????????.
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40 50 60 70
fo MIDI Note Number
50
55
60
65
70
75
80
85
90
95
100
SP
L 
dB
40 50 60 70
fo MIDI Note Number
0.45
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? 4.23: ??? No.08? Oq-valued VRP.
-6 -4 -2 0 2 4 6
fo MIDI Note Number 10-3
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dB
10-3
? 4.24: ??? No.08?????????.
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4.4.6 ??? C??????????????????
???, OqVRP??????????????? No.07???? C???.No.07? OqVRP??????
????? 4.25,? 4.26???. OqVRP?,????????????????,???????????, 2
??????????????????????,??????? OqVRP???????????.
40 50 60 70
fo MIDI Note Number
50
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65
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40 50 60 70
fo MIDI Note Number
0.45
0.5
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? 4.25: ??? No.07? Oq-valued VRP
-0.01 -0.005 0 0.005 0.01
fo MIDI Note Number
-0.01
-0.005
0
0.005
0.01
SP
L 
dB
? 4.26: ??? No.07?????????.
4.4.7 ???????????
??? C? No.07????????????????, OqVRP?????????,???,??????
?????,?????????????????????????????????.?????,????
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????????????, ?????????????????????. ??????????????
????, ??????, ????????????????????.?????????????, ???
?????????.?????????????,???????????,??????????????
?????????????????????????.????,???????????????????
????,???,???????????????????????.
No.01?? 4.18?, No.02?? 4.12?, No.08?? 4.24???,?????????????????????
??????,???????????????????????.???????????????,???
????????????????????????????,??????,??????????????
?????????.??????????????,???????????????????,?????
??????????????????????.
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? 5?
?????????
5.1 ???
????? Oq ??????, ???, ??????????????????????????????
?. ?????????????????,??????????????????????????.
??, ?????????????, ?????????????, ????????????????. ?
??????????????,??????????????,????????????????????
?????????.
singer’s formant?????? SPR??????,????????? singer’s formant?????????
????????????. ?????????? singer’s formant??????????,????????
? singer’s formant??????????. singer’s formant??????????,????????????
???????????, ?????????, ???????????????????????, singer’s
formant???????????.
???, Oq-valued VRP???????????????????????????,??????????
??????????. ????, ???, ?????????????, ????????????????
??? A ?, ???????????????? B, ??????????????? C ? 3 ??????.
????? A ???? B ?????, ???????????, ???????????????????.
??????,???????????????????,??????????????????????.
??,????????? Oq-valued VRP??????, Oq ?????????????????????
????????????. Oq ?????????? VRP????????,???????????.
5.2 ?????
?????????????????????,???????,???????????????,???
?????????????????.
??????????,??????????????????????????,???????????
???. ????????????????????????.
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??
????,????????????????????????????,???????????????
??????????. ?????????????,?????????? 3???,??????????
?????????????.
????????????, ????????????????????. ??????????????
?????????????, ????????????. ??????????????????????
??,??????????????,?????????????.
????????????????????????????. ??????????????????,
???????,??????????????????,????????????.
????,????????????. ?????????????????,?????????????
?????????.
???????????????????. LSPC??????????,???????????????
????. ????????,??????????????????????. ???????.
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